INTRODUCTION
The intra-articular position of the radial head stabilised the elbow and forearm and enables full range of elbow motion. Fractures of the radial head are involved in approximately 20% of elbow trauma cases and between 5-10% of elbow dislocations are associated with fractures of the radial head, typically caused by falling onto an outstretched wrist, the elbow semi-flexed and the forearm in full pronation 1 . The male to female ratio in these injuries is 1:2 and approximately 80% of occur in adults (mean age: 30 years). Appropriate treatment depends on fracture type, associated soft tissue lesions and functional demands of the patient. It is important to develop a pre-surgical plan that includes correct classification of the fracture type in order to establish the correct treatment. Such a classification must be simple and reproducible, should indicate the prognosis and act as a treatment guide 2 . The literature contains previous evaluations of the reproducibility of several classification systems for radial head fractures, including Hotchkiss, AO, Mason (without the modification proposed by Johnston), Morrey and Mayo 3,4,5 .
Mason, in 1954, described his classification system, which includes three fracture types defined as: type I, undisplaced fractures; type II, displaced, involving more than 30% of the radial head but less than 50%; type III, comminuted fracture involving the entire head. Johnston ( Figure 1 ), in 1962, added a fourth type (radial head fracture and ulnohumeral dislocation) to the Mason classification. The MasonJohnston classification of these four fracture types persists as the main classification system for fractures of the radial head and is the most frequently used system in English medical literature. The aim of the present study was to evaluate interand intra-observer reproducibility of the Mason Johnston classification of radial head fractures.
MATERIALS AND METHODS
The study was approved by the institutional Ethical Committee and performed according to the Declaration of Helsinki standards. Anteroposterior and lateral radiographs of thirty radial head fractures in adult patients were randomly selected from the hospital archives and converted into digital images using a 3.2 megapixel camera. The images associated with detailed explanations regarding Mason Johnston´s classification system, were stored on a CD-ROM ( Figure 1 had previous knowledge of the cases or were involved in the management of the patients included in the study. Observers were advised to consider radial head displacement using the criteria of 2 mm. Fractures were classified based on direct visual analysis of the radiographs. There was no specific period of time allotted for radiographic analyses. Inter-and intra-observer reproducibility was measured by conducting a second evaluation of the same images, presented in a different order, after a minimal interval of 30 days. As the classification was based only on x-ray observation, soft tissue lesions or signs of instability were not taken into consideration.
Sample size was based on standard statistical parameters and on previous studies. The inter and intra-observer degrees of concordance were assessed from the kappa coefficient of agreement (κ), stratified according to Landis and Koch 6 , as poor (κ < 0.02), weak (0.21 ≥ κ ≤ 0.40), moderate (0.41 ≥ κ ≤ 0.60), good (0.61 ≥ κ ≤ 0.80) and very good (κ > 0.80). Kappa is a measure that describes the correlation between two "judges" or one "judge" in two separate stages. It is used in situations containing categorical variables (not numeric). Some authors have used the Mann-Whitney Test as a method to evaluate reproducibility of classification systems, as it is used to compare two independent samples (i.e., it is similar to a nonparametric Student t Test). The Mann-Whitney test is used when the investigator wants to know whether there is a significant difference between two independent samples, and when there exist quantitative variables (numerical data). Therefore, the Mann-Whitney test was not appropriate for use in this study. When using the kappa coefficient, there are no restrictions on sample size. The level of statistical significance for the present study was established at p ≤ 0.05. This method of statistical analysis has been used as in the great majority of similar papers published in the literature.
RESULTS
The quality of the digital radiographic images was considered satisfactory for the purpose of classifying these radial head fractures. Inter-and intra-observer reproducibility values were lower than 0.002, indicating significant statistically association for both parameters. Intra-observer concordances varied from moderate to good (p: 0.0000), as shown in Table  I . Intra-observer concordance levels among the highly experienced professionals was not better than those attained by the less experienced group of resident physicians, although the highest degree of intra-observer agreement was registered by the SBOT expert (κ = 0.7685). As shown in Table II , the degree of concordance between the senior professionals (SBOT expert, and senior orthopaedic surgeon) was low at the first evaluation (κ = 0.400), but increased at the second evaluation (κ = 0.676). The highest concordance was observed between the SBOT expert and the 2nd year resident physician (κ = 0.720), whereas the lowest was between 3rd and 1st year resident physicians (κ = 0.370), both at the second evaluation.
DISCUSSION
The radial head transmits power across the whole arm and lends valgus stability to the elbow and its medial collateral ligament. Radial head fractures, which are mainly caused by falls onto an extended wrist with the forearm slightly flexed and in pronation, may be associated with elbow dislocation and ulna fracture of the coronoid process. Patients presenting with this type of injury complain of pain during pronosupination of the forearm. Such fractures comprise approximately 20% of elbow traumas 3 . Although anteroposterior and lateral radiographs are enough for accurate diagnosis, oblique views can be useful in certain circumstances 1 .
The Mason Johnston classification is used in the majority of orthopaedic and trauma services worldwide in order to establish the diagnosis and treatment of radial head fractures. It is also used for prognosis and identification of soft tissues injuries. The classification of radial head fractures attempts to distinguish between fractures that may be treated by cast, fractures that are amenable to internal fixation, and fractures that cannot be reconstructed and instead requires prosthetic replacement or excision 4 . However, classification systems must be reproducible, easily understood and memorized, concise, practical and provide treatment guidelines and prognosis.
Some studies have focussed on the inter-and intra-observer concordance of various classification systems relating to radial head fractures 7 . Sheps et al 4 , assessed the reproducibility of classification systems for radial head fractures (AO Classification and the Hotchkiss modification of the Mason Classification) and concluded that the AO classification was fair according to the criteria of Landis and Koch. The Hotchkiss classification has a moderate interobserver reliability, with a Kappa of 0.585. Intra-observer agreement for the Morrey classification was excellent, while inter-observer agreement was moderate 8, 9 . The Mayo Classification includes associated ligaments and osseous injuries of the elbow and shows fair to moderate interobserver agreement, while intra-observer agreement is fair 10 .
Morgan et al 11 , analysing the Mason Classification (without the Johnston modification), found poor intra-observer reproducibility, and a kappa index of 0.45 for the interobserver assessment, demonstrating moderate reproducibility. Dillon et al 12 , also found fair to moderate inter-observer reproducibility when evaluating the reproducibility of the Mason Classification (without the Johnston modification) for fractures of the radial head. They emphasized that the oblique radiograph with external rotation had improved inter-observer reproducibility and can be helpful in preoperative planning.
The present study shows that inter-observer reproducibility of the Mason Johnston's system ranged from weak to good, whereas intra-observer reproducibility ranged from moderate to good. It seems, however, that the reproducibility associated with the classification is not influenced by the degree of professional expertise of the observer, since the inter-observer concordances between senior experts (SBOT expert and orthopaedic surgeon) were as unsatisfactory as those obtained when the observers were junior professionals (resident physicians) were analysed.
CONCLUSION
Investigation of the efficacy of Mason Johnston classification system in assessment and comparison of radial head fractures showed questionable reproducibility results for radial head fractures. The degree of professional expertise did not influence the outcome of the study.
